Decline in physical function is a common feature of older age and has important outcomes in terms of physical health as it relates to quality of life. Our capacity for motor learning allows us to flexibly adapt movements to an ever-changing environment. The term Virtual Reality refers to a wide variety of methods used to simulate an alternative or virtual world. OBJECTIVE: To analyze the results shown in previous studies on motor learning with Virtual Reality use in elderly participants. METHOD: To select the articles, three steps were followed. A systematic literature review was performed without time limitation. The research was carried out using PubMed, BVS and Web of science; considering the keywords, we included articles that showed the following three terms: elderly, virtual reality and motor learning. RESULTS: The initial search yielded 49 articles. After duplicates were removed, two of the authors independently evaluated the title and abstract of each article against the study inclusion criteria. From these, 45 articles were excluded based on title and abstract. Finally, four articles met the inclusion criteria. CONCLUSION: Although few studies were conducted on motor learning in elderly people through virtual reality and, even fewer were of good quality, it was shown that elderly people, with or without a specific disease, can benefit from interventions based on virtual reality to improve motor learning skills.
■ INTRODUCTION
Internationally, as the number of older adults increases different types of care settings are involved to address the care needs of this group. 1 Decline in physical function is a common feature of older age and has important outcomes in terms of physical health related quality of life, falls, health care use, admission to residential care and mortality. functional and cognitive impairment, chronic diseases, a diminishing social network, and a low level of physical activity. 3, 4 Moreover, with aging, the capacity to continue to learn new motor skills is of the utmost importance for maximizing quality of life, as older people need to practice and learn new skills and to relearn motor skills that were practiced in the past. 5 Our capacity for motor learning allows us to flexibly adapt movements to an ever-changing environment. 6 Considering that skilled movements are fundamental to the human experience, an analysis of how motor learning can be optimized in older adults not only has a theoretical interest, but it also has important practical guidelines. 15 The use of guidelines, such as those provided by PRISMA, are likely to improve the reporting quality of a systematic review and provide substantial transparency in the selection process of papers in a systematic review. 16, 17 To select the articles we used three steps (figure 1): first, we looked for articles in databases, reading the titles and abstracts; second, we excluded works by title or abstract based upon our selection criteria; the third and final step was to analyze the eligible works. 18, 19 As previously described and performed, 18, 20 we used the search strategy based on PICOs strategy for the construction of the research, to locate and compare different works. Studies published in English were deemed eligible if they met the PICOs criteria. The following PICOs parameters were used:
Population: Elderly, aged 60 years or older. Intervention: Any motor learning therapy with virtual reality, including immersive, nonimmersive, and off-the-shelf gaming system technologies Comparator (control): Any motor learning therapy without virtual reality.
Outcome: Any score of motor learning therapy. Study design(s): clinical trials, case-control, crosssectional, case reports and case series.
The bibliographic review was performed without time limitation. The research was carried out using PubMed, Virtual Health Library, and Web of Science. As keywords, we included articles that showed the terms "elderly" or "aged", "virtual reality" and "motor learning". Figure 1 illustrates the complete procedure. Abstracts of identified articles were then screened for the following inclusion criteria: (1) population included older adults (aged 60 years, or older); (2) motor learning intervention; and (3) virtual reality as material or instrumentation. There were no restrictions on minimum sample size. Articles were excluded if they (1) were not original research (e.g., books, theoretical papers, or secondary reviews), (2) were not published in English, 16 (3) examined populations not explicitly identified as elderly, (4) did not include virtual reality and motor learning as intervention or (5) reviews, trial protocols, and retrospective studies. 21 Study Quality Assessment: In the next phase, all potentially relevant articles were obtained and evaluated in order to determine whether or not they fulfilled the inclusion criteria. The Physiotherapy Evidence Database (PEDro) scale was employed to assess the quality of the studies that met the inclusion criteria. 22 To increase confidence in the selection of articles, all potentially relevant articles were reviewed independently by two researchers: when a positive consensus was obtained, articles were deemed to have fulfilled the inclusion criteria.
Once accepted for inclusion, each article was independently reviewed for quality by two reviewers using the PEDro scale; any variations were resolved by implications for the lives of older adults. According to Maas et al., 7 motor learning refers to a set of processes associated with practice and experience, leading to relatively permanent changes in performance, arising from systematic practice and feedback. Technology might provide a solution for some of these challenges. In the last decade in particular, much effort has been invested in the development of technology. 8 It is essential to ensure that technologies tailored to individual needs are made available and that they are reliable and effective over the long-term. Technological innovations that can deliver exercise programs have the potential to increase adherence by providing regular feedback to and motivation for older adults. Acceptance of technologies that are electronic or digital may be more difficult for the current generation of seniors, which did not grow up with these types of technologies. 8, 9 The term Virtual Reality Environment in Rehabilitation refers to a wide variety of methods used to simulate an alternative or virtual world. Virtual Reality Environment can be categorized into two basic forms based on viewing perspective: immersive or nonimmersive. In immersive virtual reality, the person retains the first-person viewing perspective as if in the real world. In contrast, nonimmersive Virtual Reality Environment uses an avatar, which can take any form, to represent the user in the virtual world, creating a third-person perspective. 10 Virtual reality (VR) has been proposed as a potentially useful tool for motor assessment and rehabilitation. 11 One of the main barriers to the successful use of these technologies is lack of adoption/adherence to their use. Intrinsic factors related to the attitudes of older adults related to control, independence and perceived need/ requirements for safety are important for motivation to use (and continue to use) such technologies. Extrinsic factors such as usability, feedback gained and cost are also important in supporting attitudes and perceptions. 12 Given the difficulties imposed regarding motor learning in older adults, the purpose of this study was to analyze the results and benefits shown in previous studies on motor learning with VR use in this population.
■ METHOD
Systematic reviews have become increasingly important in health care. 13, 14 The tools of evidence-based science are of great importance, 14 especially, the systematic review, which is a literature review that poses a well-defined and specific research question, uses systematic and explicit methods to identify, select and appraise research, and analyze data from selected studies.
This review was based on a systematic search of published articles available through April 2015, and conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Virtual reality in elderly Ribeiro-Papa DC consensus. 24 In order to demonstrate the methodological quality of the studies, an article with a good level of evidence was considered to be one with a score equal to or higher than 6 according to the PEDro evaluation scale. This criterion was based on previous reports 18, 20 which rated studies scoring 9-10 on the PEDro scale to be methodologically 'Excellent', 6-8 'Good', 4-5 'Fair' and below 4 'Poor'.
■ RESULTS
Forty nine titles and abstracts were reviewed for applicability. After eliminating duplicates, two authors independently evaluated the title and abstract and 45 articles were excluded. Four papers met the inclusion criteria and were accepted for review. They are summarized in Tables 1 and 2 .
The study populations involved 134 participants. Only one study used a randomized controlled trials (RCTs) and only one was a controlled clinical trial (CCT). Two trials compared Parkinson's disease (PD) in experimental and control groups, and one compared individuals with PD with healthy controls. Two trials used Nintendo Wii games and different virtual reality tools and tasks. The study designs and patient populations are shown in Table 1 . Table  2 summarizes the main outcomes, highlighting the main differences between experimental and control groups and PEDro mean scores. As shown in Table 2 , based on the PEDro scale, and according to criteria adopted by Snider, Majnemer and Darsaklis, 20 two of the selected studies were rated 6 and 7 (good) two as 4 (fair).
■ DISCUSSION
In order to locate (through a search in scientific databases) studies that report on motor learning with the use of Virtual Reality (VR) in the elderly population, we found that most of the studies found elderly people with some disorder or disease, and most had a control group of healthy older adults. As far as we saw, no reliable studies focused on healthy elderly alone.
It should be noted that the available studies show great variability in the number of surveyed individuals and frequency of sessions. The study with the largest group (N = 46) only covers older adults without specific diseases; 25 the study containing the smallest sample (N = 20), had individuals with idiopathic Parkinson's disease; 28 this study did not clearly establish the size of the control group, which came from an earlier study of intensive progressive individualized treadmill training without VR in patients with PD. VR had a positive effect on motor learning in both PD and healthy elderly. The ability of patients with PD to learn, retain and transfer performance improvements after VR based training depends particularly on the cognitive demands of the games involved, reiterating the importance of gameselection for rehabilitation purposes.
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Pompeu et al. (2012) 27 No differences were found No differences were found Both groups (VR training and usual balance therapy) showed improved performance in activities of daily living after 14 sessions of balance training, with no additional advantages associated with the VR-based motor and cognitive training.
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Mirelman et al. (2011) 28
Decrease of errors in obstacles; During dual task, there was an increase in gait speed, stride time, stride length and gait variability, all maintained at follow-up.
Gains under the dual task condition in both gait speed and stride length were significantly lower after training treadmill alone.
The gains in gait speed and stride length during usual walking were similar in both groups. Treadmill training + virtual reality in PD may significantly improve physical performance, gait during complex challenging conditions and cognitive function.
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Design of a randomized controlled trial (RCT), the 'gold standard' interventions, 29 that could give more strength to conclusions concerning the efficacy of interventions in VR to improve motor learning functioning in older people, was evaluated only in one study. 27 Although in the study of Mendes et al., 26 patients with Parkinson's Disease had lower scores on Nitendo Wii Fit games compared to healthy older adults, both groups were able to transfer motor ability trained in the games to a similar untrained task; there was similar learning and retention between groups on seven out of ten games. Patients had a worse performance on five of the games and were unable to improve their performance on three of the games. The ability of these patients to learn, retain and transfer performance improvements after training on the Nintendo Wii Fit depended largely on the demands (particularly cognitive demands) of the games involved, reiterating the importance of game selection for rehabilitation purposes.
Pompeu et al. 27 reported four key findings: (1) Parkinson's Disease patients were able to improve their performance in three groups of games; (2) Wii-based motor and cognitive training improved the participants' independent performance of activities of daily life, balance and cognition, and this was maintained for 60 days after the end of training; (3) the improvement was similar to that obtained by the participants who performed balance exercise therapy; and (4) no training led to significant improvement in balance in the dual task.
Pompeu et al. 27 showed that both types of training promoted similar improvement in the performance of activities of daily life, balance and cognition among patients with Parkinson's disease, thus supporting the possibility of therapeutic use of either balance exercise therapy or Wii-based motor and cognitive training. Due to the chronic and degenerative nature of Parkinson's Disease, physical therapy guidelines suggest that treatment should occur on a long-term basis, which could have an adverse effect on patients' adherence to treatment, because the repetitive nature of the exercises could become monotonous; consequently, VR training can be a useful alternate.
In turn, the results of the study by Mirelman et al. 28 indicate that VR training in addition to usual training (walking on treadmill), may significantly improve physical performance and gait during complex challenging conditions, and even certain aspects of cognitive function in people with Parkinson's Disease. These findings have important implications for understanding motor learning in the presence of Parkinson and for treating fall risk in this condition, aging, and others patient groups who share a heightened risk of falls.
Postural control associated with self-paced movement is critical for balance in frail older adults. Kubicki et al. 25 aimed to investigate the effects of a 2D virtual reality--based program on postural control associated with rapid arm movement in this population. Participants in an upright standing position performed rapid arm-raising movements towards a target. Practice-related changes were assessed by pre-and post-test comparisons of hand kinematics and centre-of-pressure displacement parameters measured in the training and the control group. 25 The results of the Kubicki et al. 25 study suggest that some level of motor (re)-learning is maintained in frail patients with low functional reserves. The study also suggest that re-learning of anticipatory postural control (i.e., motor prediction) is less robust than the explicit motor learning involved in arm reaching. In order to automate anticipatory postural activities, this last point should encourage clinicians to extend the training course duration, even if reaching movement improvements seem to have been acquired. However, other studies are required to measure the retention of these two types of learning over a longer period of time.
Systematic searches identified 21 studies that used behavioral techniques with assistive technology to enhance the performance of functional motor activities; such studies showed positive effects on basic skills such as object manipulation, posture, and walking in people with multiple disabilities, such as intellectual, motor, and often also sensory disabilities. 29 Individuals with Down syndrome respond positively and effectively, improving their sensory motor control, when stimulated with different and complementary tasks to conventional therapy, especially therapy involving VR. 30 Advancing age is associated with declines in several domains of motor function, and these changes can lead to functional limitations and increased risk of disability, falls, and loss of independence. 31 Likewise, individuals with limited motor skills and a limited capacity to move have less opportunity to learn from movement experience and exploration and this is likely to interfere with the acquisition of other developmental skills and with overall function. 29 Studies with other populations may show motor skill improvements through the use of VR, and this can be extended to the elderly population.
Current medical and technological achievements enable the prevention and cure of diseases that were once considered fatal, with reduced mortality, increased life expectancy and, consequently, an increase in the number of elderlies. This now occurs in developing countries, where access to medical services remains restricted. 32 When planning new policies for the care of older adults based on quality of life, there is an assumption of the fundamental importance of the concept of functional capacity, i.e., the ability to maintain physical and mental skills necessary for autonomous and independent living. 33 Under certain conditions and with specific tasks, a higher degree of learning has been demonstrated with training in virtual reality, as compared to that performed in physical environments. 34 In addition, the resources of Information and Communication Technology may be of great interest because they enable the patients' performances and actions to be captured and accurately evaluated in real time and in real life situations; 35 thus virtual reality has important ramifications for use in motor rehabilitation programs. 36 Virtual reality using immersion and interaction may provide new approaches to the treatment of memory deficits in elderly individuals, 36 as well as be seen as useful tools for the evaluation of functional balance, mobility and reaction time.
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■ CONCLUSION
Although few virtual reality studies were conducted on motor learning in older adults and, even fewer were of good quality, the results of the present study indicate that older people, with or without a specific disease, can benefit from interventions based on virtual reality to improve motor learning skills.
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